Translation research in occupational safety and health is the application of scientific investigative approaches to study how the outputs of basic and applied research can be effectively translated into practice and have an impact. This includes the study of the ways in which useful knowledge and interventions are disseminated, adopted, implemented, and institutionalized. In this paper, a 4-stage framework (Development, Testing, Institutionalization, and Evaluation) is presented. Translation research can be used to enhance the use and impact of occupational safety and health knowledge and interventions to protect workers. This type of research has not received much attention in the occupational safety and health field. However, in contemporary society, it is critical to know how to make an impact with the findings and outputs of basic and applied research. This paper provides a novel framework for consideration of how to advance and prioritize translation research for occupational safety and health.
The purpose of this paper is to develop a framework, or basic conceptual structure, for the consideration and promotion of translation research in the OSH field. The framework could be used by OSH organizations, defined here to include academics, government agencies, trade associations, unions, insurers and NGOs (nongovernmental organizations) to consider, conduct, and benefit from translation research. Although the components of this framework are not novel, their adaptation for OSH research is a new and needed perspective.
| Foundation, scope, and nomenclature for translation research
The subject of translation research is the nature and drivers of translation processes and barriers to them. Translation research encompasses the scientific study of factors that optimize closing the gap between new or extant research findings and guidance, and realwork practices, outcomes, and impacts in the workplace ( Figure 1 ). As such, translation research has three aspects: it is a set of methodologies, a body of substantive scientific knowledge, and a perspective for viewing a continuum of research efforts from the identification of hazard and risks, through intervention to impact. 6, 7, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Translation research is a multidisciplinary field of research composed of such disciplines as intervention effectiveness research, 9 ,36 implementation research, 5, 37 health communication, and dissemination research, [38] [39] [40] [41] [42] evaluation research, 126 knowledge utilization, 9, 24, 36, 41, 43, 44 diffusion of innovations research, [38] [39] [40] social marketing and commercial marketing, 40, 45, 46 and surveillance and economic evaluation. [47] [48] [49] [50] [51] [52] However, application of these and related approaches in the OSH field has been limited and as Rantanen 1 has
noted, "such research on research is relatively scarce and even the paradigm for such studies is not well developed."
Quite often the phrase "translation research" has been used to describe the systematic effort to convert basic research outputs into practical applications to enhance human health and well-being. 53 As such it is frequently referred to as "translational research" or "translational science." 54 Various journals or programs refer to the term "translational" in the title (eg, American Journal of Translational Research), and the National Institutes of Health (NIH) has the National Center for Advancing Translational Sciences. Generally, these uses of the phrase translational research refer to harnessing knowledge from basic medical science to bring it to clinical practice (so called bench-to-bedside models). In contrast, we define the phrase "translation research" to refer to the study of the process of moving "research-to-practice-to-impact" and the methods, barriers and facilitators and context (social, political, organizational, etc.) encountered in this process. 55 However it should be noted that in the literature the two descriptors of research (translation and translational) overlap. 56 In this article, we use "translation research"
generally to refer to the study of the processes that move research/ FIGURE 1 Conceptual framework for translation research in occupational safety and health innovations from adoption, to implementationto maintenance/ institutionalization in the workplace.
| Adaptation to the OSH field
The translational model (bench to bedside) for clinical medicine may be adapted to the OSH field. Figure 2 . We have modified Figure 2 to include employers and intermediaries, so that it also connotes that there are many stakeholders (ie, employers, business owners, labor organizations, resource managers) in OSH with differing agendas and concerns.
Taking into account the strengths of the clinical and public health models, we propose a framework (shown in Figure 1 and Examine how best to facilitate and optimize awareness among key audiences of OSH organizations' activities and outputs [94] [95] ;
Investigate methods to improve decision makers' (eg, employers) ability to act upon authoritative recommendations and guidance (research-to-practice);
Increase researchers' responsiveness to and collaboration with stakeholders (eg, employers and workers), so that the information and advice end users receive fit their needs, priorities, and circumstances (practice-to-research) 63 ;
Explore what motivates partners, stakeholders, and intermediaries to more effectively seek, model, and communicate credible OSH organizations' recommendations and guidance to others;
Identify barriers as well as solutions for overcoming these barriers in political, social, and economic systems that inhibit the translation of practices or technologies into the workplace;
Assess readiness of the target audience to receive this guidance, and shed light on the factors that facilitate or hinder adoption decisions. 38, 39, 96 Evaluate the implementation of evidence-based programs, including whether and how they are implemented with fidelity (ie, as designed)
and adaptations made to the original program.
Assess the impact of interventions and practices on workers' morbidity, mortality, and well-being.
| Framework for translation research in the occupational safety and health field
Levels of implementation of research findings, technological innovations, and recommendations, as well as guidance focused on worker health and safety, remain suboptimal across many industrial sectors. 3, 15, 97 Information is necessary, but insufficient, for facilitating behavior change in the workplace, 98 and it is known that simply sharing knowledge about new discoveries on websites, publishing and disseminating technical reports and journal articles, and presenting at conferences is inadequate to change OSH investment and practice on a large scale. 2, 99 Therefore, for promising practices to be enacted on a large-scale, it is critical to explore the characteristics of an innovation, the characteristics of an adopting organization (and the individuals within that organization), and their interactions that predict the uptake and maintenance of that innovation. 38 As stated earlier, an objective of applying these research efforts to the outcome end of the research-to-practice continuum is to develop relevant, generalizable, and specific knowledge on how to obtain optimal impact of research outputs. the overall direction is toward a goal of reducing a specific risk. Table 1 shows examples of the four stages (Development, Testing, Institutionalization, and Evaluation) of research for four different types of hazards. Prior to the four stages, is stage 0 (referred to in Table 1 as Hazard/Problem Identification), which is the performance of basic and applied research that leads to the identification of hazards and risks, or to the indication of a solution or intervention that is needed or could be developed.
| Stage 1: Development
This initial stage is the assessment of technology, equipment, program designs, measures, or analyses needed to develop interventions from, or applications of, basic research. 22 Here, the subject of study is the first step in moving the outputs of OSH research into a trialable prototype or program. For example, in seeking a solution to the problem of the inability to measure effectiveness of hearing protection as it is used on worksites, NIOSH scientists created and tested within their laboratories a laptop-based system capable of conducting onsite fit testing of hearing protection. 102 They then created a candidate, 
| Stage 3: Institutionalization
The third stage of the translation research framework involves studies of evidence-based technology and recommendations into well accepted OSH practice, through large-scale delivery, dissemination, and diffusion research. 17, 28, 47, 60, 106, 107 The emphasis now is on external validity, resolving implementation challenges, and ensuring that an intervention or recommendation actually works within and can be integrated into a broad range of workplace settings. It should be noted that, although internal validity criteria are important for measuring translation research outcomes, studies specifically designed to maximize external validity and that provide estimates of the effectiveness of an intervention across target populations, cultural contexts, delivery agents, and modalities are currently limited and more are needed to expand the public health evidence base. 7, 63, 108, 109 Studies at this stage involve identifying methods for overcoming diffusion and utilization obstacles and opening channels to ensure OSH products and guidance are integrated and utilized in a sustainable way by targeted industries on a sector or national scale. In this stage, smaller successful interventions validated through stage 2 studies may be scaled up so that they reach all or nearly all targeted workers.
| Uptake
Research is needed in the OSH field related to why and how new programs, practices and policies are taken up by stakeholders. Scientific support for the effectiveness of an intervention is just one of a set of perceived attributes that can affect adoption decisions. 39 When considering uptake of innovations, business enterprises engage in a complex cost-benefit analysis as to the risk and advantages of change.
Stakeholders may prioritize factors such as compatibility with existing programs, cost-effectiveness, the values of individuals within the organization and the culture of the organization, and relative advantage over other programs when making adoption decisions. 38, 109 Furthermore, as Weiner points out, organizational readiness for change must be gauged to determine the extent to which employers and employees within organizations are "psychologically and behaviorally" prepared to make the changes in policies, practices and processes that are necessary to enact an innovation and to support its on-going use. 96 Once innovative OSH programs are put into place, translation research is needed to understand the factors that lead to sucessful implementation of innovations. As Durlak and DuPre 37 note in their extensive review of nearly 500 non-occupational implementation studies, the magnitude of mean effect sizes are at least two to three times higher when programs are carefully implemented than when implementation is incomplete or unsuccessful. The fidelity of program implementation is also a critical aspect for exploration, and one that is not often a focus of OSH research. The concept of fidelity, sometimes called adherence, integrity, or program "dosage," is a determination of how well a program is delivered as it was designed (and tested in the efficacy stage). 110 Durlak and DuPre reported evidence from 59 quantitative studies confirming that higher levels of implementation are in general associated with better outcomes, particularly when fidelity or dosage is assessed. A critical tool that can be used in stages 3 and 4 translation research is the use of systematic reviews. These reviews are means to evaluate how well interventions and plans are being implemented and their impact on various scales. 32, 81, [116] [117] [118] [119] The use of systematic reviews in occupational safety and health is increasing and it will drive translation research. 119 
| Stage 4: Evaluation
Stage 4 seeks to investigate the "real world" health, safety, economic, and well-being impacts of integrating these new OSH discoveries and and grow there will be a need to shift some research investments to the more distal areas of the research-to-practice continuum.
The framework proposed here requires the development of an effort within the OSH field to nuture, promote, and coordinate translation research. This framework was developed because there is a pressing need to focus on the last steps in the process of applying knowledge to protect the health, safety and well-being of workers.
Translation research can be helpful in meeting this need.
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